in intellectual abilities among older adults. There has been considerable support for the relationship between intellectual abilities and education (e.g., Birren & Morrison, 1961; Blum & Jarvik, 1974; Denny, 1979; Denny & Palmer, 1981; Green, 1969; Kesler, Denny, & Whitney, 1976; Ripple & Jaquish, 1981; Schaie & Strother, 1968; Selzer & Denny, 1980) . Calculating the years of education or some categorical assessment of educational attainment is common in most studies of cognitive aging. In summarizing findings from these studies, researchers have typically concluded that as education increases, so does performance on many tasks designed to assess cognitive functioning. Whitfield (1996) addressed the paucity of cognitive aging studies that have included African Americans and suggested that researchers' greatest challenge is to define conceptual starting points. Although previous research has examined the role of plausible omnibus factors like health in the cognitive aging among African Americans (Whitfield et al., 2000) , Whitfield and colleagues (Whitfield et al., 1997; Whitfield & Willis, 1998) have suggested that education represents another basic conceptual starting point. Current theories and past empirical research concerning intellectual abilities in later life have been developed using samples that consisted primarily of Caucasians. Based on that knowledge, one might predict that the relationship between cognitive functioning and educational attainment is similar for ethnic minority elders. A fundamental supposition presented here is that there is meaningfulness and importance beyond simply performing between-group comparisons. For example, the measurement error associated with performance within racial groups does not necessarily extend among racial groups. Metaphorically, a within-group strategy allows one to first compare "apples to apples and not apples to oranges" . Starting from commonly observed differences and examining specific sources of withingroup variability is critical for advancing science about the "universal" aspects of the relationship between education and cognitive aging.
QUANTITATIVE AND QUALITATIVE ASSESSMENTS OF EDUCATION
Studies have suggested that African American adults are more likely to have less formal education on average than are adult Caucasians (e.g., Harper & Alexander, 1990) . These racial differences were in addition to cohort differences in educational achievement (Adams-Price, 1993) . Although race and cohort differences in educational attainment or quantity of education exist, a less studied but potentially important contributor to individual differences in cognitive aging for African Americans is the qualitative dimension of education. The quality of education that adult African Americans received 276 JOURNAL OF BLACK PSYCHOLOGY / AUGUST 2003 as children is an important factor that has not been included in discussions about the origins of racial differences in intellectual abilities. Examining the history of social policies on education may provide insight into how past events account for cognitive trajectories (Whitfield & Willis, 1998) . One critical event in the history and policy of education that may have produced considerable variability in the quality of education for African Americans was the effort to desegregate schools based on race. Following the 1954 U.S. Supreme Court decision Brown v. Board of Education, the initiation of school desegregation began in three places: Baltimore, New York City, and Washington, DC. This landmark legal decision dramatically changed the lives of children enrolled and entering school from 1954 to the present time. The change was not, however, entirely uniform in its implementation by state or region. The individual differences in educational attainment, literacy skills, and, subsequently, cognitive functioning observed among adult African Americans could have come from this history-graded event.
Typically, older African American adults (65 years and older) have been shown to have an average of 10 years of formal education (Harper & Alexander, 1990 ). This means that many tended to have left the educational system during adolescence. Using the number of years of education in a formal system as the sole measure of educational attainment level for African Americans could have led to missing important contextual factors involved in the development of cognitive skills. Critical elements in an individual's early learning environment that may have accounted for variability in cognitive functioning during adulthood have not been studied. Desegregation was intended to improve the education that African Americans received, but in reality it may have negatively affected learning and life outcomes. It has been suggested that these negative effects may have been perpetuated through five different mechanisms. Irvine and Irvine (1983) suggested that the racism present in society during this period also appeared in the interactions between Caucasian teachers and African American students. Beady and Hansell (1981) showed that Caucasian teachers did not have as high expectations for African American students as did African American teachers. Caucasian teachers were known to express this perception through the encouragement of fantasizing (Massey, Scott, & Dornbusch, 1975) . This meant that the teacher would praise the student for doing excellent work, when in reality the student's performance was moderate or mediocre. In other situations, African American students were removed from the classroom setting for the violation of subjective codes of conduct (Eyler, Cook, & Ward, 1982) .
All of the effects of desegregation were not at the level of interpersonal relationships. Some mechanisms were more structurally oriented. For instance, desegregated schools were sometimes left with less qualified teaching staffs as more qualified instructors requested to be transferred and more qualified Black teachers were removed from their positions or demoted (Bruno & Doscher, 1981) . Finally, the effort to desegregate schools often meant that African American students were bused and African American schools were dismantled (Walker, 1996 (Walker, , 2000 . The structure and security of the environment familiar to the African American student were systematically destroyed.
Based on this past qualitative research, it might be assumed that the context inside the classroom that was generated by desegregation may have been uncertain, hostile, and stressful for African American students. This indicated that African American students' abilities and opportunities to learn may have been impaired (Walker, 1996 (Walker, , 2000 , and students in desegregated schools may not have reached their cognitive potential.
Desegregation has been shown throughout the previously cited studies to have dramatically influenced the formal childhood educational experiences of older African Americans. Desegregation, a vital contextual factor, has not been studied systematically to assess the potential influence of relationships between intellectual functioning and educational attainment among African American adults.
HORN'S THEORY OF CRYSTALLIZED AND FLUID ABILITIES
The purpose of the present study was to examine the impact of educational desegregation on fluid and crystallized abilities among older African Americans. Among the most prevailing conceptualizations of intellectual capacity are the dimensions of crystallized and fluid abilities made popular by the work of Horn (e.g., Horn, 1982 , 1986 Horn & Cattell, 1966; Horn & Donaldson, 1976) , Schaie (e.g., Bosworth & Schaie, 1999; Hertzog & Schaie, 1988; Schaie, 1983 Schaie, , 1989 Schaie, , 1990 Schaie & Hertzog, 1983 , 1986 , and others (Anstey, 1999; Boone, 1995) . Simply stated, crystallized abilities consist of measures based on verbal meanings and numerical concepts. Crystallized cognitive skills are conceptualized to be highly dependent on and developed from cultural influences and to be resistant to changes with advancing age. Conversely, fluid abilities have been thought to consist of measures such as spatial orientation and inductive reasoning. Fluid abilities were originally thought to be innate and less influenced by culture or education but, however, vulnerable to decline with advancing age. More recently, researchers have argued that fluid abilities, like crystallized abilities, are influenced by educational attainment (Horn & Hofer, 1992) . Others have found support for maintaining the differentiation because although education has been related to 278 JOURNAL OF BLACK PSYCHOLOGY / AUGUST 2003 fluid ability performance, crystallized abilities were influenced to a much greater degree (Chen, Kaufman, & Kaufman, 1994) .
As a conceptual framework, fluid and crystallized abilities have offered the opportunity to identify important distinctions in the trajectory of cognitive aging. Past research has shown that declines in cognitive functioning do not occur in a linear manner (e.g., Schaie, 1990; Willis, 1991) . In addition, the results of longitudinal investigations of intellectual abilities have shown that very few individuals show decline on all or most abilities (Schaie, 1989) , meaning that some abilities are maintained well into late life. For example, in previous research, fluid abilities tended to decline earlier than crystallized abilities (Horn, 1982; Schaie, 1989) . Crystallized abilities, however, showed a steeper decrement after age 70 (Hertzog & Schaie, 1988; Schaie, 1983; Schaie & Hertzog, 1983 , 1986 .
Thus, one of the guiding differentiations in the original theory of fluid and crystallized abilities has been that the latter are influenced by educational and cultural factors and the former acquired through personal experiences and learning opportunities that are not limited to processes involved in acculturation (Horn & Hofer, 1992) . This differentiation based on education is a critical factor for understanding variations in cognitive performance by African Americans. In this study, we proposed and expected the following hypotheses: (a) If the general theory held across ethnic lines, crystallized measures should show stability in the level of performance throughout age groups and fluid ability should decline with age, as they have in studies of Caucasians; (b) crystallized but not fluid abilities will differ according to educational experiences; and (c) participants who attended desegregated schools will do better on the psychometric measures of cognitive abilities.
METHOD SAMPLE
The sample consisted of 197 African Americans residing in the Baltimore metropolitan area. There were 72 men and 125 women ranging in age from 50 to 79 years (mean age 61.5, SD = 7.3) who participated as part of the Baltimore Study of Black Aging (BSBA). The BSBA is an ongoing project that began in 1997 and consists of several substudies (see Whitfield, BakerThomas, Heyward, Gatto, & Williams, 1999) . These substudies have all been in-person data collections designed to examine factors such as cognition, health, and personality in older African Americans.
The data collection discussed here was conducted from 2000 to 2001. The participants were categorized by age into three groups: 50 to 59, 60 to 69, and Whitfield, Wiggins / IMPACT OF DESEGREGATION ON COGNITION 279 70 to 79. The mean age within the groups was approximately 10 years from the next closest age group (50 to 59, 54.3 years; 60 to 69, 64.0 years; and 70 to 79, 72.8 years). The oldest group (70 to 79) represented the smallest proportion of the sample (16.2%), whereas the other two age groups represented relatively equal proportions of the sample (50 to 59, 40.1%; 60 to 69, 43.7%). There was no significant difference in educational attainment (p > .09) across the age groups. Men represented 43% of the desegregated school participants and 33.1% of the segregated school participants. The ratio of men to women changes among age groups, with the ratio of women to men increasing with age. The median monthly income for the sample was $700-$800, 42% were retired, and 58% noted that they were in good health.
MEASURES
The cognitive battery consisted of intellectual ability measurements that have been used in the Seattle Longitudinal Study. These measures represented fluid abilities (inductive reasoning and spatial orientation) and crystallized abilities (verbal abilities and numeric abilities). Listed below are each of the domains and each measure they mark (from Schaie, Dutta, & Willis, 1991) .
Inductive Reasoning (Fluid)
Inductive reasoning consisted of a measure of the participant's ability to produce novel concepts or relationships. Inductive reasoning was determined by the Primary Mental Abilities (PMA) Reasoning test (Thurstone & Thurstone, 1949) and the PMA Number Series test (Ekstrom, French, Harmon, & Derman, 1976) . The PMA Reasoning is a test in which the participants were shown a series of letters (e.g., abcbcdcde___) and asked to identify the next letters in the series (the answer to the example is def). In the Number Series test, the participants were shown a series of numbers (e.g., 6, 11, 15, 18, 20, ___) and asked to identify the next number that would continue the series (the answer to the example is 21).
Spatial Orientation (Fluid)
Spatial orientation is the ability to visualize and mentally manipulate spatial configurations. These spatial measures also gauge the ability to maintain orientation with respect to spatial objects and to perceive relationships among objects in space. The spatial orientation measures consisted of an 280 JOURNAL OF BLACK PSYCHOLOGY / AUGUST 2003 object rotation test (Schaie, 1985) and the PMA Space test (Thurstone & Thurstone, 1949) . In the object rotation test, the participants were shown a line drawing of a common object (e.g., an umbrella) and were asked to identify which of six other drawings represents the model rotated in twodimensional space. In the PMA Space test, the participants were shown an abstract line figure and asked to identify which of six other drawings represents the model rotated in two-dimensional space.
Number (Crystallized)
This is the ability to understand numerical relationships and compute simple arithmetic functions. The number measures consisted of an addition test (Ekstrom et al., 1976 ) and a subtraction/multiplication test (Ekstrom et al., 1976) . The addition test is an assessment of speed and accuracy. The participants added three single-or double-digit numbers. The subtraction/multiplication test was also a test of speed and accuracy with alternate rows of simple subtraction and multiplication problems.
Verbal Ability (Crystallized)
This language knowledge and comprehension test is measured by assessing the scope of a person's recognition vocabulary. The verbal measures consisted of the Educational Testing Service (ETS) Vocabulary tests II and IV (Ekstrom et al., 1976) . Both of these instruments were five-choice synonym tests. The ETS Vocabulary IV consists mainly of difficult items.
Education and Desegregation
Education was recorded as the number of completed years in formal schooling. Participants were also asked to report if they attended a desegregated school (DS) (n = 79) or segregated school (SS) (n = 118) and the number of years they attended desegregated schools.
PROCEDURE
Participants, representing a sample of convenience, were recruited from seven different senior housing facilities located in West Baltimore as part of the Baltimore Study on Black Aging. These high rises were selected because they serve a diverse population of African Americans with a large range of educational, economic, and societal resources. To advertise the study, a community liaison requested permission from the social worker, facilities manager, or tenant president from each high rise to post flyers and to encourage seniors to participate. Once permission was granted, flyers displaying the contact number to the Baltimore Study on Black Aging field office were placed in the facilities. The potential participants contacted a staff person by phone. Appointments for testing were scheduled for participants who expressed an interest and met the age criteria (50 to 79). Individual interviews were held at a quiet site where the participant felt comfortable, usually the participant's home.
After signing the informed consent, the participants were given the testing battery. In an effort to reduce error and missing data, an interviewer was present at all testing sessions and assisted participants by explaining instrument protocols. The measures were given in the following order: demographic information, educational experiences, addition test, PMA Reasoning test, ETS Vocabulary test II, number comparison, object rotation, subtraction/ multiplication text, PMA Number Series test, PMA Space test, and the ETS Vocabulary test IV. The testing session lasted approximately 3 hours with two 15-minute breaks. After the completion of testing, the participants were paid $30 as compensation.
RESULTS

ABILITY DOMAINS
We created general fluid and crystallized ability domains as well as spatial, reasoning, vocabulary, and number domains. Each domain was created according to the general definitions provided by Horn and colleagues (Horn, 1982 (Horn, , 1986 Horn & Cattell, 1966; Horn & Donaldson, 1976; Horn & Hofer, 1992) . The spatial ability domain was created from two measures: object rotation and the PMA Space test. The inductive reasoning domain was created from the PMA Reasoning and Number tests. The vocabulary domain was created from two measures: the ETS Vocabulary II test and the ETS Vocabulary IV test. The number concept domain was created from the addition and subtraction/multiplication tests. The measure of crystallized ability was created from the vocabulary and number concept domains, and the fluid ability domain was created from the spatial ability and inductive reasoning domains.
Participants' scores on the various tests were converted into T-scores and then averaged within each domain. The conversion of the various measures to
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T-scores allows the comparison of scores throughout measures with different scales (Weller, 1984) . For example, participants' scores on object rotation, the PMA Space test, the PMA Reasoning test, and the PMA Number Series test were converted to T-scores (mean = 50, SD = 10). The sum of the T-scores for all measures was divided by four to create the summary score for the measure of fluid ability.
AGE AND GENDER BY DOMAIN
The means by age group and gender are shown in Table 1 . Using 3 (Age Groups) × 2 (Gender) ANOVAs for each of the domains, we found significant age group effects for fluid ability, F(2, 191) = 9.75, p < .0001; inductive reasoning, F(2, 191) = 6.94, p < .001; and spatial ability, F(2, 191) = 6.72, p < .0001. Using post hoc comparisons (i.e., the least squared difference test), there were mean differences in comparisons between the 50 to 59 age group and each of the other two age groups with a decline observed with increased age. As expected, we found no significant differences by age group for the crystallized ability measures (vocabulary and number concept). These results displayed expected patterns for the fluid and crystallized domain measures and are shown in Figures 1 and 2 . There were also gender differences on the fluid ability domain, F(1, 191) = 12.55, p < .0001, and the spatial ability domain, F(1, 191) = 21.46, p < .0001, with men obtaining higher scores than women. There were no gender differences for any of the crystallized ability measures and no age by gender interactions for any of the domains.
DESEGREGATION EFFECT
Initial examination of the means showed that the desegregated school group had significantly higher mean scores on the fluid ability domain, F(1, 195) = 30.70, p < .0001, and the crystallized ability domain, F(1, 195) = 18.87, p < .0001, compared to the segregated school group. Desegregated school attendance was also associated with significantly higher mean scores for each of the subdomains: inductive reasoning, spatial ability, number concept, and vocabulary. Participants who attended desegregated schools reported an average of 4.38 years (SD = 4.5) in these schools and had an average of 2.7 more years of education compared to those who attended segregated schools, F(1, 195) = 58.84, p < .0001. 
T-Scores
50-59
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Age Groups Figure 1: T-Scores for the Measures of Crystallized Ability by Age Group
To examine the impact that desegregated school attendance had on cognitive functioning, we used an ANCOVA with the type of school attended as the independent variable and performance by cognitive domain (fluid ability and crystallized ability) as the dependent variable. We also included age, gender, education in years, and years in a desegregated school as covariates. The percentages and means for the covariates can be seen in Table 2 . After controlling for age, gender, years of education, and years in desegregated schools, we found no difference between the desegregated school and segregated school groups in fluid ability, inductive reasoning, crystallized ability, or number concept, but we did for vocabulary, F(1, 191) = 5.61, p < .02, and spatial ability, F(1, 191) = 4.55, p < .04.
DISCUSSION
The recent attention to racial disparities in health has prompted new investigations of ethnicity and psychological factors that change with age. Much of the past research has not appropriately examined within-group sources of variance prior to making between-group comparisons . Confounds in measurement have limited the ability to make effective between-group comparisons in the study of ethnicity and cognition. Here, we examined the potential effect that variability in school attendance may have on cognitive functioning later in life by using one of the most common conceptual theories of the structure of intellect: Horn's Gc-Gf. We began this investigation with the following hypotheses: (a) If the general theory held across ethnic lines, crystallized measures should show stability in the level of performance among age groups and fluid ability should decline with age, as they have in studies of Caucasians; (b) crystallized but not fluid abilities will differ according to educational experiences; and (c) overall, participants who attended desegregated schools will do better on the psychometric measures of cognitive abilities. The results presented here support the general model of fluid and crystallized abilities among a sample of African Americans. As expected, there was a decline in performance between the 50 to 59 age group and the 60 to 69 age group. We also observed no significant age group differences for crystallized abilities, as we expected based on Horn's Gc-Gf theory. Past research has demonstrated mean differences in cognition between African Americans and Caucasians (see Albert et al., 1995; Whitfield et al., 2000) . In the present research, however, we found that the theoretical conceptualization by Horn's Gc-Gf theory of different abilities and patterns of performance among age groups seems to apply to African Americans. One of the guiding differentiations in the original theory of fluid and crystallized abilities has been that crystallized abilities are those influenced by educational and cultural factors and that fluid abilities are acquired through personal experiences and learning opportunities that are not limited to processes involved in acculturation (Horn & Hofer, 1992) . Due to the potential impact that the accumulation of educational experiences might have on measures of cognitive performance, we examined a potential source of variation in educational attainment among African Americans by investigating desegregated school attendance. The initial analyses showed that there was a mean difference between participants based on their attendance. Participants who attended desegregated schools showed greater mean performance on both measures of fluid and crystallized abilities. On closer examination, however, we found that those who attended desegregated schools had more years of education. There was nearly 3 years' difference in educational attainment between those who attended desegregated schools and those who did not. One could prematurely conclude that attending desegregated schools led to pursuing higher levels of educational attainment. Attending desegregated schools was not, however, necessarily a causal factor driving greater educational attainment by African Americans. Many of our participants only attended desegregated schools toward the end of their academic careers, and some with college educations never attended a desegregated school but chose to attend Historically Black Colleges and Universities (HBCUs) to achieve their postsecondary educational aspirations. As in most other studies of cognitive functioning, educational attainment played a major role in accounting for individual differences in cognitive performance. Education was a significant covariate for each of the measures, even after age and gender were controlled for in the analyses. After accounting for age, gender, education, and years in a desegregated school, the initial differences in cognitive performance between the desegregated school and segregated school groups were significant for only two of the four domains: spatial ability and vocabulary. These results relate to our second hypothesis: that crystallized but not fluid abilities will differ according to educational experiences. A cogent rationale for the differences observed between the groups on spatial ability is not apparent. This was an unexpected finding, particularly using the differentiations proposed in Horn's Gf-Gc theory. One potential source of these differences may be the impact of occupational status on cognitive functioning. Although we controlled for educational attainment, occupational status throughout the life course may have been partly responsible for the difference. We did not assume that simply attending desegregated schools led to occupations that improved spatial ability. We propose that it may be that more of the individuals who attended desegregated schools were introduced to more spatially challenging or complex materials, therein leading to interests in careers and obtaining jobs that may involve activities that support, promote, or enhance spatial ability throughout the life course. This hypothesis has been supported in research on the relation of occupational choice making to an individual's cognitive organization (e.g., Govier & Feldman, 1999) . Future, detailed examination of lifetime occupations will provide further insight into the plausibility of this hypothesis.
The differences found on vocabulary between the schooling groups can more easily fit into Horn's Gf-Gc theory. The findings suggested that differences in vocabulary may have had a long-term effect of qualitative differences in education. The intention behind desegregated schooling was, in part, to provide a better "quality" of education for African American students. The higher "quality" was assumed to come from improved resources to provide African Americans with the advantages that their Caucasian counterparts had access to during their school years. Exactly what role the improved resources had that produced the differentials observed, particularly in relation to vocabulary, in this study of cognitive performance is not clear from our findings.
Results from some past qualitative research suggested that African American students' ability and opportunity to learn may have been impaired because of classroom conditions (Walker, 1996 (Walker, , 2000 , and students in desegregated schools may not have reached their cognitive potential. Our results, however, show some advantages in cognitive performance in late life from desegregated school attendance. This is in contrast to several anecdotal discussions with older African Americans. During our data collection, comments such as "Desegregation was the worst thing to happen to Blacks" were frequent and impassioned. Participants cited that racially mixed classes were stressful due to the racist attitudes of teachers and Caucasian classmates. They also cited that there was a lack of teacher support and decreased community connection with teachers, which reduced the monitoring of students who might have been at risk for poor school performance. As one participant noted, "When we had Black teachers, if you missed school, your mama knew by the end of the day."
Our study involved one of the first cohorts to attend desegregated schools. A more universal benefit to cognitive performance from desegregated schooling appears to have been diminished, perhaps by other aspects of the school environment. More differences observed in cognitive functioning that arise from the type of school attended might only be observed in later cohorts that resolved these issues. The study was also limited because participants came from only one city. If we were to examine older adults from different states, we may have found greater variation in the cognitive outcomes due to different life experiences. Our sample did have variability in places that they got their educational experiences.
Future research should attempt to retrospectively examine classroom environments, teachers' reports (both those of African Americans and
